Numerous ecological studies report that mortality in the United States is significantly associated with area-level socioeconomic factors, including income inequality (e.g., Kaplan et al. 1996; Kennedy et al. 1996; Kawachi and Kennedy 1997b; Lynch et al. 1998; Muller 2002; and Ross et al. 2000) , minority racial concentration (e.g., Cooper et al. 2001; Singh and Hoyert 2000; Fang et al. 1998; McLaughlin and Stokes 2002) , and various measures of social capital (Kawachi and Kennedy 1997a; Kawachi et al. 1997; Kawachi and Berkman 2000; Putnam 2000) . The results of these and similar studies are often based on multivariate regression analyses of mortality rates, in which the dependent variable is directly age-adjusted to account for the higher mortality rates of older populations, but the explanatory variables are not similarly adjusted. However, standardization of only the dependent variable in a regression (whether for age, race, time, or some other confounder or set of confounders) has long been understood to be problematic (e.g., Rosenbaum and Rubin 1984; Greenland and Morgenstern 1989, 1991; Greenland 1992) . This is more than just an esoteric concern; in this study, we demonstrate that state-level associations between mortality rates and several socioeconomic variables may be extremely sensitive to different age-adjustment methods.
BACKGROUND
There have been several cogent discussions of the advantages and disadvantages of ecological studies in epidemiology; recent examples include Greenland and Robins (1994) and Morgenstern (1995) . While it is apparent that convenience and simplicity are often the motivations for ecological analyses, it is also the case that relevant exposures may be difficult to measure at the individual level, or that available data on individuals contain insufficient variation. These latter advantages are particularly apparent for the study of social determinants of mortality. Of course, the primary disadvantage is ecological bias; this bias may be reduced in either of two ways: (1) by including confounders as control variables in the regression analysis, or (2) by rate standardization for these confounders applied to all variables in the regression analysis. Rosenbaum and Rubin (1984) describe the sufficient conditions for which ecological bias is reduced by either of these two methods, although they also note that the latter method is often impractical, since standardized measures of many variables of interest are not readily available to researchers (e.g., social capital). In contrast, Rosenbaum and Rubin find few conditions for which standardization of only the dependent variable reduces such bias; in their words: ''The point is: if we adjust mortality for age, we must adjust the covariates for age as well' ' (p. 438) . This lesson is reiterated by Greenland and Robins (1994) and Morgenstern (1995) , as well as in a recent epidemiological textbook by Rothman and Greenland (1998) .
Nevertheless, Blakely (2001, 2002) and Subramanian et al. (2003) describe standardization of only the dependent variable in mortality studies as common practice among social epidemiologists. In contrast, in a recent ecological study of income inequality and mortality, Mellor and Milyo (2001) control for age (and other confounders) by simply including these as control variables in their regressions. However, this difference in methods is of little concern if either method yields substantively similar results. Therefore, we compare the estimated associations between state mortality rates and several different socioeconomic factors using either age-adjustment method. Consistent with the evidence reported in several previous studies, we find that standardization of only the dependent variable can yield strong associations between mortality and some measures of state socioeconomic factors. In contrast, when we include control variables for age in the regression analysis, we find no significant associations between these socioeconomic factors and mortality.
A Stylized Example
In this section we apply the analysis of Rosenbaum and Rubin (1984) to our case of interest: recent ecological studies of area-level socioeconomic determinants of mortality.
Assume that individual mortality is related to age category, poverty status, and some state level socioeconomic factor (X s ) in the following manner:
Given this model, unbiased estimates of b 1 and b 2 may be obtained from a weighted least squares regression of state mortality rates:
where the weight is state population, M s is the crude state mortality rate, and POVERTY s and AGE K measure the fraction of the state population in each category. Rosenbaum and Rubin (1984) also note that in place of the categorical age variables in model (2), sufficient moments of the age distribution may be substituted. For example, in their analysis of the association between inequality and mortality, Deaton and Lubotsky (2002) control for mean age in some specifications. In contrast to model (2), researchers often estimate a model of the form:
where M s is the age-adjusted state mortality rate. Again, Rosenbaum and Rubin (1984) We use least squares regressions to analyze the ecological association between mortality rates in U.S. states and each of three socioeconomic factors: inequality, minority racial concentration, and social capital. We compare the results obtained from estimating the models described in (2) and (3), above. These specifications are broadly consistent with at least some model specifications employed in several earlier studies, but we have not sought to replicate all of the myriad specifications employed in the previous literature. As such, our empirical exercise is intended only as an illustration of the potential importance of different methods of age-adjustment in ecological regressions.
We compare the estimates obtained from each model for the cases where X is either income inequality, minority racial concentration, or one of two measures of social capital. All regressions include a constant term, so estimates of model (2) omit one age category.
1 Descriptive statistics for all variables are listed Table A1 in the appendix. Data on the age distribution within states are obtained from the 1990 U.S. Census. Mortality rates are defined as deaths per 100,000 in 1990 (source: U.S. Centers for Disease Control). Poverty is defined as the percent of individuals in a state with incomes below the federal poverty level in 1990, and income inequality is measured by the Gini coefficient for household income in 1990 (source: U.S. Census Bureau). Minority racial concentration is measured by the percent black in a state in 1990 (source: U.S. Census Bureau). Social capital is measured by Robert Putnam's index of state social capital (source: http://www.bowlingalone.com) and by an index of social mistrust derived from responses to the General Social Survey (source: National Opinion Research Center) and based on the method described in Kawachi et al. (1997) .
2 However, the social capital variables are available for only 48 and 39 states, respectively.
RESULTS
In Table 1 , we report the results of our regression analyses when X is income inequality. In the first two columns we present weighted and unweighted estimates of model (3). Because this model is ad hoc, it is not clear whether it is appropriate to weight by state population or some other variable. Without weighting, inequality is significantly and positively related to state ageadjusted mortality (as reported in many previous studies); however, weighting by state population leads to a change in both the sign and significance of this estimate. In all subsequent regressions we use weighted least squares to facilitate the comparison of estimates obtained under different age-adjustment methods. In the last two columns of Table 1 , we report our estimates of model (2). In one case we control for age by including age variables as controls, in the other we include only mean age (following Deaton and Lubotsky 2002) . While the coefficient estimates on inequality vary under either method (from 1231 to À 500), the standard errors are so large that we cannot reject the hypothesis that the coefficients on inequality are the same in either specification. In fact, in this example, the estimated association between inequality and state mortality is significant and positive only for the unweighted regression of the ad hoc model (3). However, the same is not true for the estimated coefficients on poverty.
3
Controlling for several age categories (see column three of Table 1 ) versus mean age (see column four) changes the coefficient on poverty significantly. Unfortunately, we can not distinguish which is the better estimate of b 2 , since our specification of model (1) did not dictate the appropriate number and type of age categories. If we instead include only a control for only age 651 (not shown), then the estimated coefficients on inequality and poverty are much closer to those found using the full set of age controls (column three), but if we add age 0-18 as a control (not shown), then the results are more in line with those found by using mean age (column four).
In Table 2 , we compare weighted least squares estimates of models (2) and (3), where X is either minority racial concentration, social capital, or social mistrust. In the first three columns, we present estimates of model (3), where the dependent variable is age-adjusted mortality. In each case, the state socioeconomic factor of interest is significantly associated with mortality rates. Again, these findings are broadly consistent with what has been reported in previous ecological studies. However, this pattern is not repeated in the last three columns of Table 2 ; estimates of model (2) do not yield a significant association between either state socioeconomic factor and mortality. Further, we reject the null hypotheses that the estimated coefficients reported in the last three columns are identical to the corresponding estimates in the first three columns. These results are in stark contrast to previous findings. Finally, the estimated coefficients on poverty in these specifications appear less sensitive to these age-adjustment methods; we cannot reject the null hypotheses that the estimated coefficients for poverty in columns (1-3) are identical to the corresponding estimate in (4-6).
DISCUSSION
We demonstrate that statistical associations between at least some focal arealevel socioeconomic factors and mortality rates are sensitive to different methods of age-adjustment. However, our purpose here is only to remind producers and consumers of ecological studies about the pitfalls of standardizing only the dependent variable in multivariate regressions. We do not take these results as evidence that there is no link between state-level socioeconomic factors and health outcomes; however, this analysis does suggest that previous conclusions based on findings of strong ecological associations between these particular state-level socioeconomic factors and state mortality rates may need to be revisited. The potential sensitivity of results to different age-adjustment methods, and even the number of age categories used as controls, is one more reason to be cautious about interpreting ecological studies. As such, our findings offer additional support for the use of contextual or multilevel analyses as a valid approach for investigating area-level effects on individual health (e.g., Mellor and Milyo 2002, 2003) . .398 (.022) Minority racial concentration (% black) 9.5 (9.3) Social Capital Index (Putnam 2000) . 
